Spinal cord injury (SCI) leads to formation of a fibrotic scar that is inhibitory to axon regeneration. Recent evidence indicates that the fibrotic scar is formed by perivascular fibroblasts, but the mechanism by which they are recruited to the injury site is unknown. Using bone marrow transplantation in mouse model of spinal cord injury, we show that fibroblasts in the fibrotic scar are associated with hematogenous macrophages rather than microglia, which are limited to the surrounding astroglial scar. Depletion of hematogenous macrophages results in reduced fibroblast density and basal lamina formation that is associated with increased axonal growth in the fibrotic scar. Cytokine gene expression analysis after macrophage depletion indicates that decreased Tnfsf8, Tnfsf13 (tumor necrosis factor superfamily members) and increased BMP1-7 (bone morphogenetic proteins) expression may serve as anti-fibrotic mechanisms. Our study demonstrates that hematogenous macrophages are necessary for fibrotic scar formation and macrophage depletion results in changes in multiple cytokines that make the injury site less fibrotic and more conducive to axonal growth.
Introduction
Spinal cord injury (SCI) typically leads to formation of scar tissue that can be categorized into glial and fibrotic components. This scar tissue is thought to play multiple roles including inhibition of axon regeneration and limiting infiltration of immune cells into the spinal cord parenchyma (Burda and Sofroniew, 2014; Cregg et al., 2014) . Most of our current knowledge of the scar tissue has come from studies on the astroglial component, whereas our understanding of the fibrotic component is relatively lacking. In vitro assays indicate that fibroblasts are inhibitory/non-permissive for axon growth (Shearer and Fawcett, 2001 ) and genetic ablation of fibroblasts leads to cavitation at the injury site (Goritz et al., 2011) . Therefore, a better understanding of fibrotic scar formation may provide novel therapeutic targets for SCI.
We recently reported that collagen1α1 + perivascular fibroblasts are a major cellular component of the fibrotic scar after SCI (Soderblom et al., 2013) . While typically present around large diameter blood vessels in the normal spinal cord, after SCI, these perivascular fibroblasts detach and chronically reside in the injury site to form the fibrotic scar. However, the mechanism by which these fibroblasts are recruited from the perivascular niche into the scar is not known.
In this study, we demonstrate that macrophages are responsible for fibroblast recruitment to the injury site after SCI. Interestingly, these macrophages are of hematogenous origin rather than from microglia, which are present predominantly in the astroglial scar region surrounding the fibrotic scar. Accordingly, depletion of hematogenous macrophages from the injury site reduces fibroblast recruitment and is associated with greater axonal growth into this region. Cytokine expression analysis suggests that these effects may be due to decreased tumor necrosis factor superfamily (Tnfsf) member and increased bone morphogenetic protein (BMP) expression. Our study indicates that hematogenous macrophages recruit fibroblasts to the spinal cord injury site and macrophage depletion changes expression of multiple cytokines that makes the injury site less fibrotic and more conducive to axonal growth.
Materials and methods

Animals
The following mice were obtained from Jackson Labs: lysM-Cre (#004781), Cx3cr1 GFP (#005582). Col1α1 GFP mice were kindly donated by Dr. David Brenner and have been previously described (Yata et al., 2003) . Rosa26-tdTomato reporter mice were kindly donated by Dr. Fan Wang and have been previously described (Arenkiel et al., 2011) . All mice were backcrossed to C57BL/6 for at least six generations. lysM-Cre mice were bred to Rosa26-tdTomato reporter mice to generate lysM tdTom mice in which lysM-Cre is hemizygous and tdTomato is homozygous. Cx3cr1 GFP knock-in mice were used as heterozygotes. 
